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(54) Fue! ce» con.™, apparatus and method of oon.roU.ng fua. oa» usln 8 con.ro, apparatus 



(57) A fuel cell control apparatus for controlling the 
supply amount of oxidizing gas to a fuel cell (1) for pro- 
ducing electric energy by reaction between fuel gas and 
oxidizing gas includes a smoother (15) for smoothing 
the output related quantity of the fuel cell, and an oxidiz- 
ing gas feed determining device (15) for determining the 
supply amount of the oxidizing gas on the basis of the 
output related quantity smoothed by the smoother (15) 
and therefore when controlling the amounts of the fuel 
gas and oxidizing gas depending on the output demand 
of the fuel cell, the substantial power generation effi- 
ciency is enhanced and the output is stabilized at the 
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BACKGROUND OF THE INVFMTIOM 
1. Field of the Invention 



SJJJLi Pr f! ,nV f nt '. 0n re ' ateS t0 3 Confr ° l aPPara^s for fuel cell for obtaining electric power by an electro- 
f Ud 935 0btained by 3 reformin9 reaction of a reformate and an EKS^rtSS 

particularly to an apparatus for controlling the supply amount of reformate fuel or supply arnourtc rfSzfna m 
io invention also relates to a method of controlling a fuel cell using the apparatus. 9 9 

2. Description nf the Related Art 

« lo^i A fUe ' iS 3 Wnd ° f 6nergy transformer for inducing an electrochemical reaction between a fuel aas such 

S2£Z en ^ S ^ * ° Xidi2in9 985 SUCh 35 9as in air ' throu 9 h an ***** and SE^tfZZEl 

electromotive force to the outside. Depending on the variety of electrolyte, polyelectrolyte fuel ceH ohoLha ZEES 
so d electrolyte fuel cel. and others are known, and in particular the po."^^^^^ 

mrS T temperature " and is e ^«d to be used as a driving source for vehicTes 9dVanta9eS SUCh 
[0003] The power generation efficiency of these fuel cells varies with the temoeraturp or h. .miHitw «, . ~ . ^ 

produce a required electric quantity efficiently, it is important to control the running condrtfons and the suo^^ 
amounts. Relating to the oxidizing gas. for example, the oxidizing gas and fuel gas iSS^ZS^Sa^ 
^e.rcornposrtion. and if the oxidizing gas is supplied in excess of the ^^^o^^^T^r^^^ 
s the^i^ 

hi« 1 * e r cess : ve ox,di2in9 9as ma y co °' the ele <*°'yte *> **« ^ JL*taSlZZ£* " 

nae ? d t0 Sup P' y ^""tang gas into the fuel cell depending on the required output * 

the calculated air flow. Thai .s, when the output current density is lowered, the discharge amourt iai The a? cS^fJ°- 
r 'SS.^^t ^" B ' US a '?° 9 Chan9es 01 »* '«■"«<* output in the fuel cell, the supply eir flow and 

the fuel gas supplied into the fuel cell may net always coincide exactly with the required <X £ttet?£l S« 
ing y, rf the output of the fuel cell changes and it is desired to change the suFtfyTmoum^T 



air or oxidizing gas accord- 
fuel cell, and excess and 



'7^^=n~urto,=xid*n 00 ^ 



SUMMARY OF THE INVFMTIDM 

for I^ Chi6Ve ?,l 0bieCt - 3 ,irSt aSP6Ct ° f 4,16 inventi0n relates to a f uel ce " «"W apparatus which includes a 
fuel cell for producing electnc energy, a physical quantity controller for controlling a physical quantitv based Ton Z I 

J^^!?h * aSP6Ct ^ f ^fj^ 00 - *• relating to the output such as output demand amount of fuel 

cell is smoothed by the smoother. Th,s is. for example, a process of accumulating the output related3iS2 lnr *«Z 
erf, time, and determining the average, or a process of setting the intermediate ^^^Zte ^enX 
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value a* Retarget va.ue after change *-*ec.^ 

he fuel gas to be supplied in the fue cell, as the * smoothed, and the output related quantity does 

Lpplied to the fue. cell by . T^^^SX^'iCS^ quantity. As a resurt, sudden change of 
trol the amount of reformate fuel to be suw*ed to tjer^rm e ^ J ^ . q prevented . 

command value of reformate fuel t ^^^^* 9 ^^ . adjuster for adjusting the reformate fuel 
[0011] m addition, the first aspect o the jnjjjonm* t0 tne r J elation be tween the value obtained by 

5 amount determined by the reformate w a result, for example, if the deviation between the 

the smoother and the ^^^^Z^^oT^X^ relet* quantity is large, the reformate 
output related quantrty at a g.ven moment and the x determined by the reformate fuel 

fuel amount to be supplied to the reformer » adjusted More tneq «y ^ ^ ^ reformate 

determining means justed by « 

-o fuel amount determined only on the basis ot tne smooxneuvc 

and hence the response of the reforme. , ce „ ^ apparatus whiC h includes a fuel cell mounted 
[0012] A second aspect of the ,nven *on l*™***™™ gene ^ed by reaction between fuel gas and «.- 
on a vehicle as a driving power source, for producmg en ° j» ° the manipiJ | at ion amount relating to the accel- 
dizing gas. an acceleration or device for determining the 

deceleration degree detector. accelerates or decelerates the vehicle, the supply amount 

^Lid-S 

3 o driver's request for acceleration or deceleration may* J*"^ inc|ude an oxjdizing gas adjust er for adjusting the 
[0014] in addition, the second aspect of the '^^ ng r ^ e M is the generated state of the fuel gas. 
supply amount of the ox.d.z.ng gas .on *e bas ^ determining the supply amount of the oxid.z.ng 
relative to the reformate fuel supplied .n the reformer As .a esutt ■ wne the supply amount of the oxidizing gas. 

gas on the basis of the amount of the is determined in consideration of the 

35 which should correspond to the amount tne supply amount of the oxidizing gas cor- 

40 ng electric energy generated by reaction between for detecting the amount of 

suppliedimothefu^ 

reformate fuel to be supp ,ec hn to th ere £™5 re formate fue. to be supplied to the reformer. 

obtained. + h 0 fir^t to third asoects of the invention may also include an oxidizing gas 

[0017] The fuel cel. control apparatus of he ^JJjJ*^^ ce „ on tne basis of the utility rate of the oxidiz- 
feed adjuster for adjusting the supply amount of ° Md| W; o, ^ u h oxjdizi gas sup p|-,ed into the fuel cell is 

50 inggasUefuelcell.A^ 

not spent for reaction, but par .ally usedfor fuel gas ^ ^ 

is adjusted according to its utrtrty rate, so ^SSS^^S^ gas is supplied, and it may further include a 
[0018] Preferably, the fuel cell has ^^le^Mw S relating to temperature atthe electrode, and 
temperature related quantity detector for detecting ^P*n* JJJ^ 0 on tne of the physical quantity 

55 an oxidizing gas feed adjuster tar Mine jgJ^^JSS^SLd quantrty detector. Therefore, since 
relating to the temperature near the electrode B ^T dtnM quantity relating to the temperature at the 
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contraction of oxidizing gas is corrected, so that the supply amount of the oxkiizing gas may be more accurately con- 



K!L ^ ^t 06 " T Y fUrth6r inC ' Ude 3 PUmp for Suppl ^' n 9 an v*™* 9as. a pressure related quantity detector 
fo phyS,C l qua | nt,ty re ' atin9 10 tHe Pr6SSUre near the electrode ' and an oxidizing gas comrTnd 



BRIEF DESCRIPTION! OF TH E DRAWING 



p^senfirtrron;^ ' ^ h 3 in a fir * embodiment of the 

Fig. 2 is a flowchart showing an example of the sub-routine for calculating the supply air basic amount- 
2" 1 ! h I 9 * 6 ° ther eXamP ' e ° f the **"«*» for bating the supply air bS" amount 

d^r^ 

Rg. 5 is a flowchart showing a different example of sub-routine for calculating the supply air basic amount 
Rg. 6 ,s a b ock. diagram schematically showing an entire constitution of fuel cel. and ite control system 
25 p^semirl™ eXPla ' n,n9 9 «« — in 3 COnfr0 ' in a — d — ent of the 

Rg. 8 is a diagram showing an example of correction map of reformats methanol amount- 
Rg. 9 is a cunent-voltage characteristic curve at each reformate hydrogen amount 

Sh Sl?n°r 9 C ^ n9eS ° f r / eformate hydr ° 9en am0unt * correction of re, °^ate methanol amount 

with respect to hydrogen demand amount (demanded amount of hydrogen)- and 

Rg. 1 1 -s a diagram schematically showing an entire constitution of a system having a reformer connected to a fuel 

35 DETAILED DESCRI PTION O F TH F PREFFRRPn FMBODIMFNTR 

KImJI^^.'ZJ^ E5E e ? amPleS ° f 3 ,irSt embodiment <* * a Mention are described below. 
rilLXS Z ! * T , 1 ^ 1 ° f the invent,on - In which an anode (negative electrode, fuel electrode) 3 and a 

cathode (positive electrode, air electrode) 4 are disposed at both sides of a solid electrolyte 2 ThesoM^^i 

SSS / n ion perme i, b K substance ' for examp,e - a proton p ermeabia ^ ^Z^TZT^^ 

^pi^^ 

i°^fi r rf o^! ie R an0de 3 Side ; a fUe ' 935 PaSSa9e 5 iS formed - and a reformer 6 is connected to this fuel gas passage 

™ ' nt °!: e Cath ° de 4 ^ the cathode 4. respect *" 

50 225* » V S US9d 38 3 driVin9 S ° UrCe for 3 vehide - and hen <* a running motor is connected to the 
^ovfd^ 

10024] To control the air pump 9, an electronic control unit (ECU) 1 5 is provided Electronic control unit 1 * i« mai „h, 
composed of a microcomputer, and it receives detection signals from the sensorc 1 0 11^^ ^ !.^ 7 2 
eating the reformate fuel amount to be supplied in the reformer 6 Tas 

tSZS^lifyZS d6teCtin9 1,16 aCC6lerati0n ° r deCelera ^ 0n -anipu.atioTsire 

includes the fuel cell 1 . The depression amount of an accelerator pedal 1 7 detected bv the accelerator nnB Z ^ IS 

[0025] in th,s fuel cell 1 . like the generally employed polymer elestrolyte fuel cell, the fuel gas (specifically, hydrogen 
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gaslsuppeedinmeanccfcSeUe*^^ 

cally determined according to the require* i'^^^^ dw ^ b ^. Fl0 . , lt . flo ^ BP Wn^ 
10026] Control of the eupply emount of • first step S1 . Herein, the input signals 

ihe control procedure, in which signals ™*»*^J££^1^J£ 14, output voltage of the fuel 
include, fo, example. * d«ec?ed by me accelerator opening degree sen- 

cell 1 detected by the Jtege measure sensor 10. temperature near the csrthode 4 

^ed%T^Ze^ 

Ifc-ave = f(lfc(t), lfc(t-t), lfc(t-2t), ...) 

(step S203): 

Qa-base = lfc-ave/Cf/4/Ro2 V0 60 
' where d is Faraday* constant. Ro2 is the ratio of oxygen to the air (about 1/5). and V0 is the volume o, me idea, gas 
in standard state (22.4 j** 5 ' 1 ™* . „ , ^ ^ sudde nly. its amount of change ie smoothed and 

basic quantity is calculated on the bas.sof he J^,?™^^,^ puarrt ity (step S211). In succession, 
or deceleration, and the accelerator opening degree is a map T sXep S 212). This map is 

35 fromtheacce.eratoropeningde^ 

prepared by experiment or the like, of when example ^.s given in B curfent ya|ue obtained 

sponds to the smoothed output current value the above formula (step S213). 

from the map as shown in Fig. 4 ^ u «^ of alteration or deceleration 

determined according to the amount of ^J^^^^^J^Swm the reformer 6. The example shown in 

. ^^^^ 

^r^on-he basis of such 0,^^^^ 
so calculated as follows: 



Qa-base = Qm Rmh 1/2 Vo 6 
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S2n o^^nf 1 j? ^ ^ ° f the ° Xidizin9 9as is ^termined almost exclusively by the 



Qa1 = Qa-base/Ra 



SSS ^Hi.^ f 6 ? 3 "* ° f air int ° the C3th0de 4 "^^ be synchronized with supply of fuel gas into the 

anode 3, and therefore the supply air amount is corrected by the response in the reformer imr V7J»! 2f E?*- 

,5 Qal(k) = Qa1(k-) 

in consideration of the specified time delay t. and the reaction delay is corrected for primary delay as 
>o Qa2(k) = Qal(k-) 1/(Ts+1) 

where is the specified delay time, T is the time constant, and s is the operator 

E re air in volume b V «P»nding or contracting depending on temperature and pressure and 

therefore rt must be corrected according to temperature and pressure (step S5). That is to correct in TccoSr^i'S 
the temperature, the supply air amount is corrected by the operation of accordance wrth 

Qa3(k) = Qa2(k) Tmeans/TO 

SZIZToq"" * emPera ' Ure " 4 deBCted "> *» -1l-HM.«« 

'Sri———— 

Vqa4(k) . Vqa3(k) (Pmeans ( "- 1w .l)/(Po< M >' , '.i) 

!T£ T ?° rreCti0n 516(3 S5 iS «P reBsed bv a Unction in terms of temperature or pressure as the oaram 
eter. the correct.on value may be determined preliminarily as a map. and the correction value mav be « l^tl h" 
.ng to the map. The thus calculated pump command voltage VqaTis issued"^ * 
0041] Th.s example refers to the fuel cell used in a vehicle, but the invention is not limited to this examole alone 

[0043] The heater 20 heats methanol as reformate fuel and water, and produces a mixed vaoor and « mmm ^ 
of a combustor 23 for generating heat for heating and an evaporator 24 for^raLgTe^eSe^SS 
The combustor 23 may have a structure of burning the fuel for heating (heatinS by a burnerTa 21^ 
d.z.ng the heabng fuel by catalyst. Therefore, to this combustor 24. a pump 25 fo/feedi™ ™ Sano71^h ?i 
Pie of heating fuel, is connected through an injector 26. and an air KSt'S^TS2^^!!^ 
example of oxrdizing agent The air feeder 27 is specifically composed of an air pump ° ' 8 " 
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CH 3 OH+H 2 OC0 2 + 3H 2 (1) 



(2) 

CH 3 OH + 1 /20 2 2H 2 + CO a 



I0W 6, There^ingreac^^ 

n ideal state, and since carbon dioxide 15 ' everS ^ of the anode in the fuel cel. 1 . and 

into the reformate gas inevitably^* "^S^^^c^^K Emprises a CO oxidizing catalyst (not 

tained in the reformate gas is oxidized by the oxygen ,m embodiment, an electrolyte made of 
10047] On the other hand, the fuel < jell and 
proton-permeable high polymer f,lm, and a ^ n ^ LnnertedTseries and parallel. The anode 3 and the cathode 4 are 

compose a closed circuit. A c^Uensor 1 4 .s connected I tc me ^ ^ ^.^ 

34 is connected as an external load. The motor 34 ..s arP JPJ™^£^ reaction through tne electr0 |yte film do not 
[0049] Ionization of hydrogen generated in the anode 3 and ox.oa .on a therefore the exhaust 
Sn all hydrogen gas supplied in the fueh ^^^£^S^S. S pipe 35 for returning the 

35 gas from the anode 3 side conta.ns " nrea *^^ penetrating through the fuel cel. 1 and 

exhaust gas of the anode 3 s.de to the combustor 23 » valv P e 36 is insta „ed for controlling the flow 

combustor 23. In the middle part 0 he '^^^^^^o^ degree electrically. Tne return pipe 
rate of the gas flowing inside. The low rateregu ung £jaM ^ op g ^ ^ ^ 

35 may also discharge the exhaust gas flowing comro| the reformate fuel supply amount by the 

^0^ 

<s [00511 Exp.ained next ,s an J^S, in which, in the first p.ace, the output related 

described above. Fig. 7 .s a ^^^^ S 21). The output related quantity is. for example, 

quantity in the fuel ce.l 1 as the energy trans to ^^^^oJb is an operation process of moving average 
the output current (FC current of the , fuel celM .and or processing by LPF (low pass filter), and 

so over tens of seconds before a 9,ven 

ST Coaseo.uent.y.onthe^ 

55 methanol, thus causing the reactions expressed .n the formulas below. 

CH 3 OH(g) + H 2 0 3H 2 + C0 2 



7 



EP 0 993 060 A2 

CH 3 OH(g) + 1/20 2 2H 2 +C0 2 

SKI? n9 * a,therate f° f ^^^formingreactionandpartialoxidationreformingreactiontobe (= 1-) respectively 

5 sy: ; 3a riTg • reformate hydrogen amount owained from 1 010,6 * re,or ™ ^:™h y : 

H 2 2H + + 2e- 

However. all of reformate hydrogen is not transformed into current, and supposing that the rate of the react™ ^ 

75 2(3+2)F[C/S](fC/S]=[A]) 

where F is Faraday's constant [C/mo.]. Therefore, the reformate methano. amount Fm [mol/s] is obtained as 
so Fm = ffcv/[2(3 +2 ) F][mol/s] 

[0054J Since the reformate methanol amount Fm determined in step 22 is based on the smoothed wa l., a nf th Q „. - 

above the active temperature or predetermined specific temperature reformate catalyst is ma.nta.ned 

fuel cell 1 is PI. which is indicated by point A in the cunertJtegTc^ 

-ntersection of the equal power line of P1 and the current-voltage (l-V characteS curve ft ^Sf^J* 
amount F1. That is. to obtain the output of Pi, the minimum reS efon^ ISS^^T^I^ 

c3rC2~ methan0 ' amOUn ^ 

Srrpnt OUtPUl " 92 " the reformate hydrogen amount is set at F1 

C ?JZ ^T? S a ?° n 52 IS 00101 B in Fi9 - 9 - By COnfrast optimum action P° if « of ouit P2™ e nte^ecton 
«*nn*l X T 6 ° f P2 3nd '" V characteristic at reformate hydrogen amount mJSShS 
gen gas of the portion proportional to the current difference between point Band point C is ^I^Jz 
resuftng ,n the degraded efficiency. In step 22. since the reformate meSanol S£K2 SiZSJ 223S1S 
max,mum power pomt correspond^ to each required power, v the output is P2. the operation runs at^im C a^d 
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the ^onse can be enhanced in ^JO^ reformate methano , amourlt isincreased . 

reeled, and at the moment to when the hydrogen. de m ^ >s mcr ea • due tQ refarming reac - 

it takes a longer time until the reformate reformate hydrogen amount cona- 

tion delay. By contrast, in Fig. 10B. when dev.at»ms ^J^^L,^ t0 the smoothed output related 
spending to the present output current ^^^^^^^S^r^ of the reformate hydrogen 

shorter. That is. the response of the reformate hydrogen amount ' ■ "J™* limit of the reformate meth- 

[0060] Then, as explained in step 24. in the co "*°^ output reiated quantty 
ano. amount is prese^ 

such as output current be^mes le^ than me l^ower "7 maintaini the Ration at the minimum limit of 

Sone. can be continued, f' M ^^'^^ m<a , fuel but hydrocarbon other than me methano. may also be 

Ssthef^^ 
otherthanthefue.^ 

, may be. for example. ^^"^^^^^ puan tity may include, aside from the method shown ,n the 
in operation. The smoothing method of the .output J y before smoothin g in several times of 

illustrated examples, a method of us.ng a med.an f.lter for ^arrang ng , tne u correcting the 

sampling in the past in the order of magnrtude. and - W^SSl^W^ in * e invention ' the Cor " 
reformate fuel amount, by using the map as shown ,n the In the foregoing examples, the refer- 

ra^r.^:^ 

related quantity. 

30 

Claims 

1 . A fue. cel. contro. apparatus comprising a fue. cel. (1) for producing etectric energy, the apparatus characterized by 
comprising: 

a physica. quantity controHer (15, 37) configured to control a physical quantrty in order to controi an output 
quantity of the electric energy; 

a smoother (1 5, 37) configured to smooth an output related quantity relating to the output of the electric energy 
40 of the fuel cell; and 

, ^^^^ 

» 2. A M cet, comro, apparatus acting . cfcim ,. -"^^£^£3 ^JSJ 
contoured to control, as the physical ^^^.^TJZ^ to dSerm,' e the o»dizing gas 

from said smoother (15). 

50 -4 ♦„ oiairr, 1 rharaeterized in that said physical quantity controller (28, 37) is 
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prising: 

^nn C T at ! 0n ? d ,! Cel ! l ration de 9 ree detector < 16 ) *at detects a manipulation amount relating to accelera- 
tion or deceleration by a driver of the vehicle; and acceiera 

S^lSS2?-T^ dB !l!? (15> confi9ured t0 determine a ■«* amount of oxidi2in g sas to be 

deg^e detector (16) ' ™'P^ion amount detected by said acce.eration or deceleration^ 

5. A fuel cell control apparatus comprising a fuel cell that produces electric energy generated by reaction between fuel 
gas and ox.diz.ng gas and a reformer that generates a fuel gas to be s^ptiJ^ e ^ c ^T^^. 
tion of reformate fuel, the apparatus characterized by comprising; reforming reac- 

a^reformate fuel detector configured to detect an amount of reformate fuel to be supplied into the reformer (6); 

an oxidizing gas feed determining device (37) configured to determine a supply amount of the oxidizing qas to 
the fuel cell on the basis of the amount of reformate fuel to be supplied intoThe reformer (6? 

6. A fuel cell control apparatus according to claim 2, 4 and 5 characterized by further comprising: 

a £S7 9a ' S UPP ' y 'X?"™ configured to adjust the supply amount of oxidizing gas to the fuel cell on 
a basis of a utility rate of the oxidizing gas in the fuel cell (1). 

7. A fuel cell control apparatus according to claim 5 characterized by further comprising: 

a oxidizing gas feed adjuster (15) configured to adjust the supply amount of the oxidizing gas on a basis of a 
reformmg response wh.ch ,s the generated state of the fuel gas to the reformate fue. supplied irtT^rme" 

8. A fuel cell control apparatus according to claim 2, 4 and 5 wherein the fuel cell (1) includes an electrode (4) to which 
sa.d oxidizmg gas is supplied, the fue. cell control apparatus characterized in that further corrwIsinT 

TteS^"^?"** det6Ct0r m) COnfi9Uredt ° d6teCta PhySiCa ' ^ ^ <o a ^mperature 

iSP a ?i USl *l ( I? COnfi9ured t0 ad J' ust the SU PP |V amount of the oxidizing gas on the basis of 
quam^ector^) ^ t0 near the <«> ***** by said temperature Z£ 

9 ' thl TT^ 0 ? daim 2 ' 4 and 5 wherein ce " includes ™ eiect ^ (4) to which 

the oxidizing gas is suppl.ed, the fuel cell control apparatus characterized by further comprises: 
a pump (9) configured to supply the oxidizing gas to the electrode (4) of the fuel cell (1) 

an oxidizing gas command adjuster (15) configured to adjust a command value to said pump (9) on a basis of 

dete^r sr 9 to the pressure near the e,ec,rode w detected by ■* press - e - ,ated 

10. A fuel cell control apparatus according to daim 6 characterized by further comprising: 

n 3 ,*^ ^ feed a djuste / J"> configured to adjust the reformate fuel amount determined by said physical 

11. A fuel cell control apparatus according to claim 3 and 10 characterized by further comprising: 
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reformer (6). 

12 A method of conning a <uet oe» (1) lor producing e.ectnc energy. I. memod Cwaotedzed by ccmpnsing: 

13. The method according to claim 1 2, characterized in that 

the physical quantity is an oxidizing gas quantity supplied into the fuel ceil (1) and reacting with tue. gas. 
J5 14. The method according to claim 12, characterized in that: 

to be supplied into the fuel cell (1) by a reforming react.on. 

^(Saino.de^ngarnar^c.anx^^ 
cle; and 

a step (S213, o. determining a supply amount o. oddUn, oas to -he M eel,, on ma basis o. me detected 
manipulation amount. 

a step (S221) of detecting an amount of reformate fuel to be supplied into the reformer (6); and 

astep(S223)ofdeterm^ 

of reformate fuel to be supplied into the reformer (6). 



so 
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FIG. 1 
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FIG. 2 
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FIG. 3 
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